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stationary  scroll  1  is  formed  integrally  with  a  base 
plate  1a,  which  also  contributes  a  portion  of  a  cell 
as  described  below.  The  orbiting  scroll  2  is  formed 
integrally  with  and  extends  upwardly  from  the 

5  upper  surface  of  a  base  plate  3.  A  rotary  shaft  4  of 
the  orbiting  scroll  2  extends  downwardly  from  the 
lower  side  of  the  base  plate  3.  The  suction  chamber 
6,  which  is  formed  peripherally  of  the  scrolls,  is 
connected  to  a  gas  intake  part  7.  A  discharge  port  8 

to  formed  in  the  base  plate  1a  of  the  stationary  scroll 
opens  to  the  discharge  chamber  8'.  A  thrust 
bearing  9  supports  the  base  plate  3  of  the  orbiting 
scroll  2.  The  bearing  9  is  supported  by  a  bearing 
support  10,  which  is  in  turn  fixedly  supported  by 

is  the  stationary  scroll  1  by  means  of  bolts  orthe  like. 
An  Oldham  coupling  11  provides  orbital  move- 

ment  of  the  orbiting  scroll  2  with  respect  to  the 
stationary  scroll  1.  An  Oldham  chamber  12  is 
formed  between  the  base  plate  3  of  the  orbiting 

20  scroll  2  and  the  bearing  support  10.  A  return  path 
13  for  lubricating  oil  formed  in  the  bearing  support 
10  communicates  the  Oldham  chamber  1  2  formed 
in  the  bearing  support  10  with  a  motor  chamber 
described  later.  Acrankshaft  14  receives  theshaft4 

25  of  the  orbiting  scroll  2  eccentrically  to  allow  the 
orbiting  scroll  2  to  orbit.  A  passage  15  formed 
eccentrically  in  the  crankshaft  14  feeds  lubricating 
011  to  an  orbital  bearing  16  provided  eccentrically 
in  the  crankshaft  14  which  supports  the  shaft  4  of 

30  the  orbiting  scroll  2.  A  main  bearing  17  supports  an 
upper  portion  of  the  crankshaft  14,  while  a  lower 
portion  thereof  is  supported  by  a  bearing  18.  A 
motor  is  provided  of  which  a  stator  19  is  station- 
arily  supported  and  a  rotor  20,  together  with  a  first 

35  balancer  21,  is  fixedly  secured  to  the  crankshaft  14. 
A  second  balancer  22  is  fixedly  secured  to  a  lower 
end  of  the  rotor  20.  These  components  are  dis- 
posed  together  in  an  airtight  case  23.  An  oil 
reservoir  24  is  provided  in  a  bottom  portion  of  the 

40  case  23,  and  a  space  25  is  provided  in  the  case  23 
for  components  associated  with  the  motor. 

In  operation,  when  current  is  supplied  to  the 
windings  of  the  motor  stator  19,  the  rotor  20 
produces  a  torque,  thereby  rotating  the  crankshaft 

45  14.  Upon  rotation  of  the  crankshaft  14,  the  shaft  4 
of  the  orbiting  scroll  2,  supported  by  the  orbiting 
bearing  16  provided  eccentrically  of  the  crankshaft 
14,  orbits  with  respect  to  the  stationary  scroll  1, 
and  thus  the  orbiting  scroll  2  orbits  under  the 

so  guidance  of  the  Oldham  coupling  1  1  through  the 
states  shown  in  Figs.  1  A  to  1  D  to  compress  gas  as 
mentioned  previously.  That  is,  the  gas  sucked 
through  the  intake  port  7  and  the  intake  chamber  6 
formed  in  the  outer  peripheral  portion  of  the 

55  orbiting  scroll  2  and  introduced  into  the  compres- 
sion  chamber  5  is  forced  inwardly  with  the  rotation 
of  the  crankshaft  14  to  be  compressed  and  then 
discharged  through  the  discharge  port  8  com- 
municated  with  the  discharge  chamber  8'  where 

60  the  pressure  of  the  gas  is  a  maximum. 
Although  the  orbital  movement  of  the  orbiting 

scroll  2  due  to  the  rotation  of  the  crankshaft  14 
tends  to  produce  undesirable  vibration  of  the 
compressor  due  to  a  mechanical  mass  unbalance, 

65  the  first  balancer  21  and  the  second  balancer  22 

Description 

This  invention  relates  to  a  scroll-type  fluid 
displacement  machines. 

In  order  to  facilitate  an  understanding  of  the 
present  invention,  it  is  helpful  to  describe  the 
principles  of  the  scroll-type  fluid  displacement 
machine  briefly. 

Fig.  1A  to  1D  of  the  accompanying  drawings 
show  the  fundamental  components  of  a  scroll- 
type  compressor,  which  is  one  application  of  a 
scroll-type  fluid  displacement  machine,  and  illus- 
trate  the  principles  of  gas  compression  function 
thereof.  In  Figs.  1A  to  1D,  reference  numeral  1 
depicts  a  stationary  scroll,  2  an  orbiting  scroll,  5  a 
compression  chamber  defined  between  the 
stationary  and  orbiting  scrolls  1  and  2,  6  a  suction 
chamber,  and  8'  a  discharge  chamber  formed  in 
the  innermost  portion  of  an  area  defined  between 
the  scrolls  1  and  2.  The  character  O  depicts  a  center 
of  the  stationary  scroll  1  and  O'  a  fixed  point  on  the 
orbiting  scroll  2.  The  orbiting  scroll  2  has  the  same 
shape  as  that  of  the  stationary  scroll  1  but  with  the 
opposite  direction  of  convolution.  The  convolution 
may  be  in  the  form  of  an  involute  or  a  combination 
of  involutes  and  arcs.  The  compression  chamber  5 
is  formed  between  the  convolutions. 

In  operation,  the  stationary  scroll  1,  in  the  form 
of  an  involuted  spiral  having  the  axis  O,  and  the 
orbiting  scroll  2  in  the  form  of  an  oppositely 
involuted  spiral  of  the  same  pitch  as  the  stationary 
scroll  1  and  having  the  axis  0',  are  interleaved  as 
shown  in  Fig.  1A.  The  orbiting  scroll  2  orbits 
continuously  about  the  axis  of  the  stationary  scroll 
through  positions  as  shown  in  Figs.  1B  to  1D 
without  changing  the  attitude  thereof  with  respect 
to  the  scroll  1.  With  such  motion  of  the  orbiting 
scroll  2  with  respect  to  the  stationary  scroll  1,  the 
volume  of  the  compression  chamber  5  is  periodi- 
cally  reduced,  and  a  fluid,  for  example  a  gas  taken 
into  the  compression  chamber  5  through  the 
suction  chamber  6,  is  compressed,  then  fed  to  the 
discharge  chamber  8'  formed  in  the  center  portion 
of  the  stationary  scroll  1,  and  finally  discharged 
through  a  discharge  hole  8  formed  in  a  supporting 
plate  of  the  stationary  scroll. 

The  distance  OO'  between  the  points  0  and  0' ,  
that  is,  the  crank  radius,  which  is  maintained 
constant  during  the  orbital  movement  of  the 
orbiting  scroll  2,  can  be  represented  by: 

00 '= -  - t ,  

where  P  is  the  distance  between  adjacent  turns  of 
the  spiral  and  corresponds  to  the  pitch  thereof  and 
t  is  the  thickness  of  the  wall  forming  the  spirals. 

Further  structural  details  and  details  of  the 
operation  of  the  conventional  scroll-type  com- 
pressor  will  be  described  with  reference  to  Figs.  2 
and  3. 

Fig.  2  shows  in  cross  section  a  scroll-type 
compressor  used  in  a  refrigerator  or  air  condi- 
tioner  to  compress  a  refrigerant  gas.  In  Fig.  2,  the 
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gap  of  the  compression  chamber,  and  hence 
there  is  a  strong  possibility  of  gas  leakage  from 
the  compression  chamber  5  through  the  radial 
gaps  C  and  C  to  the  intake  side.  If  gas  in  the 

5  compression  chamber  5  leaks  to  the  upstream 
side,  the  amount  of  gas  finally  discharged 
through  the  discharge  post  8  is  reduced,  thereby 
reducing  the  volumetric  efficiency  of  the  com- 
pressor.  Further,  since  the  leaked  gas  has  to  be 

10  compressed  again,  the  power  consumption  of  the 
motor  increases  and  the  coefficient  of  perform- 
ance  is  lowered. 

In  order  to  resolve  these  problems,  it  may  be 
effective  to  set  the  term  (d^da)  in  equation  (2) 

15  larger  than  the  term  (B-2r-t)  to  thereby  improve 
the  sealing  of  the  radial  gaps.  In  such  an 
approach,  however,  it  is  necessary  to  make  both 
the  bearing  gaps  di,  and  d2  large  enough  to  make 
(d^da)  always  larger  than  (B-2r-t)  at  any  angu- 

20  lar  position  of  the  crankshaft.  However,  there  are 
unavoidable  variations  of  the  value  (B-2r-t)  due 
to  manufacturing  variations  in  the  groove  width 
B,  eccentricity  r  and  wall  thickness  t,.  There  are,  of 
course,  optimum  values  of  the  bearing  gaps  to 

25  provide  a  sufficient  lubricating  effect,  which  is  a 
fundamental  necessity,  and  if  the  bearing  gaps 
are  made  larger  than  the  optimum  values,  the 
lubricating  functions  of  the  bearing  may  be  signi- 
ficantly  lowered.  Therefore,  the  manufacturing 

30  tolerances  of  the  groove  width  B,  the  eccentricity  r 
and  the  wall  thickness  t,  must  be  very  tight. 
Further,  if  the  positions  of  the  center  0  of  the 
stationary  scroll  1  and  the  axis  O,  of  the  main 
bearing  17  are  changed  for  some  reason,  in  some 

35  cases,  one  of  them  may  become  quite  large, 
causing  C-C,  to  be  not  always  zero,  even  if  d,  and 
d2  are  set  as  mentioned  previously.  Therefore,  the 
positional  accuracy  of  the  stationary  scroll  1  with 
respect  to  the  axis  On  of  the  main  bearing  17  must 

40  be  very  high. 
U.S.  Patent  No.  3,924,977  to  McCullough  dis- 

closes  an  improved  radial  sealing  mechanism  in 
which  the  orbiting  scroll  is  linked  to  a  driving 
mechanism  through  a  radially  compliant  mechan- 

45  ical  linkage,  which  also  incorporates  means  for 
counteracting  at  least  a  fraction  of  the  centrifugal 
force  exerted  by  the  orbiting  of  the  orbiting  scroll. 
The  radially  compliant  mechanical  linkage  can 
take  one  of  several  forms,  among  which  a.  typical 

so  linkage  includes  a  ball  bearing  mounted  on  the 
shaft  of  the  orbiting  scroll  and  has  the  outer 
periphery  of  the  ball  bearing  connected  to  a  crank 
mechanism  through  a  swinging  linkage  or  a 
sliding-block  linkage,  each  associated  with  a  plu- 

55  rality  of  springs.  Both  the  swinging  linkage  and 
sliding-block  linkage  are  complicated,  relatively 
space  consuming  in  structure,  and  require  a 
considerable  number  of  parts,  causing  the  com- 
pressor  to  be  expensive  and  bulky. 

60  A  simpler  and  more  inexpensive  structure  to 
achieve  improved  radial  sealing  is  shown  in 
Japanese  Laid-Open  Patent  Application  No. 
129791/1981.  In  this  structure,  a  balance  weight 
having  a  bushing  is  provided.  The  bushing  is 

55  engaged  through  an  eccentric  swinging  pin  con- 

provide  static  and  dynamic  balances  about  the 
crankshaft  14  so  that  the  compressor  operates 
without  abnormal  vibration. 

Figs.  3A  and  3B  show  portions  of  the  com- 
pressor  in  Fig.  2  in  more  detail.  Specifically,  Fig. 
3A  shows  a  vertical  cross-sectional  view  of  a 
portion  including  the  stationary  scroll  1,  the  orbit- 
ing  scroll  2,  the  shaft  4  of  the  orbiting  scroll,  the 
crankshaft  14  and  the  support  member  10, 
wherein  the  shaft  4  is  urged  to  one  side  of  the 
orbiting  bearing  16  due  to  the  centrifugal  force  of 
the  orbiting  scroll  2,  including  the  base  plate  3. 
Fig.  3B  is  cross-sectional  view  taken  along  a  line 
1MB—  NIB  in  Fig.  3A.  In  Fig.  3B,  0,  is  an  axis  of  the 
main  bearing  17,  02  is  an  axis  (rotational  center) 
of  the  crankshaft  14,  O3  is  the  axis  of  the  orbiting 
bearing  16,  and  04  is  the  axis  (center)  of  the  shaft 
4  of  the  orbiting  scroll  member.  Further  in  Fig.  38, 
Fc  represents  the  centrifugal  force  (radial  load) 
produced  by  the  orbiting  scroll  2  and  the  base 
plate  3,  rthe  eccentricity  of  the  orbiting  bearing  16 
relative  to  the  crankshaft  14,  6,  the  bearing  gap  of 
the  orbiting  bearing  16,  d2  the  bearing  gap  of  the 
main  bearing  17,  B  is  the  width  of  a  groove 
between  adjacent  turns  of  the  spiral  arm  of  the 
stationary  scroll  1,  D  the  actual  orbiting  distance 
of  the  orbiting  scroll  2,  t,  the  thickness  of  the  wall 
of  the  orbiting  scroll  2,  and  C  and  C,  radial  gaps 
between  turns  of  the  stationary  scroll  1  and  the 
orbiting  scroll  2.  Generally  C=CV 

In  the  conventional  scroll-type  compressor  as 
described  above,  the  orbiting  distance  D  of  the 
orbiting  scroll  2  can  be  represented  as  follows: 

D=2(r+d1/2+d2/2)+t1 
=2r+t1+d1+d2. (1) 

Therefore,  the  radial  gap  C  between  the  turns  of 
the  stationary  scroll  1  and  the  orbiting  scroll  2  is: 

C=(B-D)/2 
=(B-(2r+t1+d1+d2))/2 
=((B-2r-t1)-(d1+d2))/2. (2) 

In  the  conventional  scroll-type  compressor,  the 
term  (B-^r-t,)  in  equation  (2)  is  larger  than 
(d^da),  and  therefore  the  radial  gap  C  is  always 
present  between  the  stationary  scroll  1  and  the 
orbiting  scroll  2.  In  the  normal  operation  of  the 
compressor,  however,  in  addition  to  the  cen- 
trifugal  force  Fo,  a  gas  compression  load  Fg,  which 
acts  orthogonal  to  the  centrifugal  force  Fo,  acts  on 
the  shaft  4  of  the  orbiting  scroll  2  as  shown  in  Fig. 
4,  and  therefore  a  composite  force  F  of  the  forces 
Fo  and  Fg  acts  on  the  shaft  4  in  the  indicated 
direction.  Accordingly,  the  radial  gap  C  between 
the  turns  of  the  stationary  and  orbiting  scrolls  1 
and  2  is  larger  than  the  radial  gap  C  with  only  the 
centrifugal  force  Fo  acting  thereon. 

With  the  presence  of  the  radial  gap  C  or  C, 
there  can  be  no  contact  between  the  stationary 
and  orbiting  scrolls  1  and  2  during  the  operation 
of  the  scroll  compressor,  and  thus  there  is  no 
problem  of  abrasion  of  side  surfaces  of  the  scroll 
walls.  However,  it  is  very  difficult  to  seal  the  radial 
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crankshaft,  orbital  movement  of  said  orbiting 
scroll  shaft  being  provided  by  said  crankshaft 
through  said  eccentric  element,  characterised  in 
that  the  eccentric  element  is  an  eccentric  ring,  the 
arrangement  being  such  that  the  crank  radius 
represented  by  the  distance  between  the  center  of 
rotation  of  said  crankshaft  and  the  center  of  said 
orbiting  scroll  shaft,  is  always  substantially  equal 
to  a  minimum  value  with  said  center  of  rotation  of 
said  crankshaft,  said  center  of  said  orbiting  scroll 
shaft  and  the  center  of  rotation  of  said  eccentric 
ring  arranged  substantially  along  a  straight  line  in 
the  stated  order. 

For  a  better  understanding  of  the  invention,  and 
to  show  how  the  same  may  be  carried  into  effect, 
reference  will  now  be  made,  by  way  of  example, 
to  the  accompanying  drawings,  in  which: 

Fig.  1A  to  1D  show  a  cross  section  of  a  scroll- 
type  compressor  in  various  operational  positions 
and  are  used  to  explain  the  operating  principles 
thereof; 

Fig.  2  is  a  cross-sectional  view  of  a  conventional 
scroll-type  compressor; 

Fig.  3A  is  an  enlarged  cross-sectional  view  of  a 
portion  of  the  compressor  in  Fig.  2  in  a  first  state; 

Fig.  3B  is  a  cross-sectional  view  taken  along  a 
line  NIB—  IIIB  in  Fig.  3A; 

Fig.  4  is  a  view  similar  to  Fig.  3B  with  the 
compressor  being  in  another  state; 

Fig.  5A  to  7  show  main  portions  of  a  preferred 
embodiment  of  a  compressor  of  the  present 
invention  of  which  Fig.  5A  is  a  cross  section  of  a 
crankshaft  and  an  orbiting  scroll  shaft  when  fitted, 
Fig.  5B  is  a  vertical  cross  section  taken  along  a  line 
VB  —  VB  in  Fig.  5A,  Fig.  6  is  an  oblique  view  of  the 
crankshaft  and  an  eccentric  ring  when  dissassem- 
bled,  and  Fig.  7  is  an  oblique  view  of  the 
crankshaft  and  the  orbiting  scroll  shaft  when 
dissassembled; 

Figs  8  and  9  illustrate  the  mode  of  radial  sealing 
according  to  the  present  invention;  and 

Figs.  10  and  11  show  other  embodiments  of  the 
present  invention. 

In  Figs.  5A  to  7,  reference  numeral  26  desig- 
nates  an  eccentric  hole  formed  in  the  crankshaft 
14  with  a  predetermined  eccentricity  with  respect 
to  the  center  of  rotation  of  the  crankshaft  14.  An 
eccentric  ring  27  made  of  a  bearing  material  is 
fitted  as  shown  in  Fig.  6.  The  eccentric  ring  27  can 
rotate  with  respect  to  the  crankshaft  14.  An 
orbiting  bearing  28,  fitted  into  an  eccentric  hole 
formed  in  the  eccentric  ring  27  with  a  predeter- 
mined  eccentricity  with  respect  to  the  center  of 
rotation  O5  of  the  ring  27,  supports  the  shaft  4  of 
the  orbiting  scroll  2  as  shown  in  Fig.  7. 

In  Fig.  5A,  an  axis  (center)  On  of  the  main 
bearing  17  lies  at  approximately  the  center  of 
rotation  O2  of  the  crankshaft  14.  The  center  of  the 
orbiting  bearing  28  (and  hence  the  center  of 
rotation  of  the  shaft  4  of  the  orbiting  scroll  2)  and 
the  center  of  rotation  of  the  eccentric  ring  27  and 
(and  hence  the  center  of  the  eccentric  hole  26)  are 
designated  by  O4  and  O5,  respectively.  The  dis- 
tance  between  0,  (or  02)  and  04,  namely  the 
length  corresponding  to  the  crank  radius  (the 

nected  with  a  crankshaft.  The  balance  weight 
counteracts  the  centrifugal  force  of  the  orbiting 
scroll  and  the  bushing  functions  to  utilize  a 
component  of  a  compression  load  to  provide  a 
force  which  urges  together  the  orbiting  scroll  and  5 
stationary  scroll,  thereby  providing  improved 
radial  sealing.  In  the  latter  structure,  however,  the 
balance  weight  counteracting  the  centrifugal 
force  of  the  orbiting  scroll  is  indispensable,  which 
requires  a  large  space  behind  the  orbiting  scroll,  io 
leading  to  a  difficulty  in  arranging  a  thrust  bearing 
for  the  crankshaft. 

In  US—  A—  1  906  142  a  rotary  pump  or  a  com- 
pressor  with  a  driving  system  for  an  orbiting 
piston  is  known.  The  driving  system  comprises  a  is 
driving  shaft  provided  with  an  eccentrically 
located  pin.  A  boss  is  eccentrically  rotatable 
around  the  said  pin  and  is  received  in  an  axial 
hole  formed  in  said  orbiting  piston.  By  the  rota- 
tion  of  the  orbiting  piston  suction  and  pressure  20 
chambers  are  built  in  a  stationary  cylinder.  By 
stopping  means,  e.g.  a  pin,  fixed  in  the  driving 
shaft  and  engaging  in  a  recess,  formed  in  the 
boss,  the  rotational  movement  of  the  boss  around 
the  eccentric  pin  is  limited.  The  centres  of  the  25 
driving  shaft  of  the  eccentric  pin  and  of  the  boss 
are  arranged  in  the  form  of  a  triangle.  By  this 
arrangement  the  sealing  force  between  the 
stationary  cylinder  and  the  orbiting  piston  is  a 
function  of  centrifugal  force  only.  It  is  a  dis-  30 
advantage  of  this  machine  that  it  cannot  be  driven 
at  very  great  speeds,  because  the  machine  would 
run  hot  by  the  increasing  centrifugal  forces,  caus- 
ing  wear  between  the  orbiting  piston  and  the 
stationary  cylinder.  35 

In  EP—  A—  3  765  8  a  scroll  type  fluid  displace- 
ment  apparatus  is  known,  comprising  a  stationary 
scroll  member,  an  orbiting  scroll  member,  an 
orbiting  scroll  shaft,  a  crank  mechanism  and  a 
bearing.  The  crank  mechanism  comprises  a  40 
crankshaft  and  an  eccentric  element.  Trie  centre 
of  the  crankshaft,  the  orbiting  scroll  shaft  and  the 
eccentric  element  are  arranged  in  the  form  of  a 
triangle.  For  cancelling  out  the  centrifugal  force 
balance  weights  are  provided.  This  application  45 
has  the  same  disadvantages  as  described  in  the 
Japanese  laid  open  patent  application  129791/ 
1981. 

An  object  of  the  present  invention  is  to  over- 
come  at  least  one  of  the  above-mentioned  so 
problems  inherent  to  conventional  scroll-type 
fluid  displacement  machines. 

According  to  the  present  invention  there  is 
provided  a  scroll-type  fluid  displacement  machine 
comprising  a  stationary  involuted  first  scroll  55 
member;  an  orbiting  involuted  second  scroll 
member  interleaved  with  said  first  scroll  member 
for  compressing  a  volume  of  fluid  taken  in  when 
said  second  scroll  member  is  orbited  with  respect 
to  said  first  scroll  member;  an  orbiting  scroll  shaft  go 
rigidly  coupled  to  one  end  of  said  second  scroll 
member;  and  a  crank  mechanism  and  a  bearing 
for  supporting  said  crank  mechanism,  said  crank 
mechanism  comprising  a  crankshaft  and  an 
eccentric  element  rotatable  with  respect  to  said  65 
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As  can  be  seen  in  Fig.  9,  due  to  a  moment 
produced  by  the  component  Fg  about  the  center 
of  rotation  O5  of  the  eccentric  ring  27,  the  length 
O2O4  corresponding  to  the  crank  radius  increases 
up  0204'  (actual  crank  radius),  and  the  wall  of  the 
orbiting  scroll  2  contacts  the  wall  of  the  stationary 
scroll  1. 

In  the  state  shown  in  Fig.  9,  the  moments  about 
0s  are  substantially  balanced  because  the  angle 
A9  is  small.  It  is  physically  shown  that  the  orbiting 
scroll  2  contacts  the  stationary  scroll  1  at  least  at 
two  points  on  either  side  of  04. 

That  is: 

F g - e = f - a - x 2  

Therefore,  the  contact  force  f  between  the  orbit- 
ing  scroll  2  and  the  stationary  scroll  1  is  given  by: 

eccentricity  of  the  shaft  4  of  the  orbiting  scroll  2), 
and  the  distance  between  O4  and  O5,  are  indicated 
by  R  and  e,  respectively. 

In  the  structure  of  Figs.  5A  and  5B,  gaps  may 
exist  between  the  main  bearing  17  and  the 
crankshaft  14,  between  the  eccentric  hole  26  and 
the  eccentric  rings  27,  and  between  the  orbiting 
bearing  28  and  the  shaft  4  of  the  orbiting  scroll  2. 
However,  these  gaps  are  not  important  in  under- 
standing  the  present  invention  and  are  omitted 
from  these  Figures.  Further,  the  crank  radius  R 
actually  includes  halves  of  the  respective  bearing 
gaps,  which  are  very  small  and  negligible. 

The  eccentric  ring  27  is  rotatable  about  the 
center  05  within  the  eccentric  hole  26.  The  dis- 
tance  between  02  and  04,  which  is  substantially 
equal  to  R,  is  changed  cyclically  with  the  rotation 
of  the  eccentric  ring  27  about  the  point  O5. 

An  important  feature  of  this  embodiment  is 
that,  when  the  center  of  rotation  O2  of  the 
crankshaft  14,  the  center  04  of  the  orbiting  scroll  2 
and  the  center  of  rotation  Os  of  the  eccentric  ring 
27  are  arranged  in  that  order  along  a  straight  line, 
the  distance  between  O2  and  04  is  substantially 
equal  to  the  crank  radius. 

In  the  operation  of  the  compressor  thus  con- 
structed,  the  compression  of  gas  is  performed 
according  to  the  principles  illustrated  in  Figs.  1A 
to  1D.  The  load  arising  due  to  gas  compression  is 
transmitted  from  the  shaft  4  of  the  orbiting  scroll 
2  to  the  eccentric  ring  27,  with  the  loading 
conditions  being  as  shown  in  Fig.  8.  The  load 
includes  two  components,  one  being  a  radial 
load,  mainly  the  centrifugal  force  Fo,  and  the  other 
being  a  gas  compression  load  Fg  in  a  direction 
orthogonal  to  the  radial  load  Fo.  These  load 
components  act  on  the  center  O4  of  the  shaft  4  of 
the  orbiting  scroll  2  as  shown  in  Fig.  8. 

Since  the  center  of  rotation  of  the  eccentric  ring 
27  is  O5,  the  gas  compression  load  component  Fg 
produces  a  moment  about  O5,  which  causes  the 
eccentric  ring  27  to  be  rotated  about  O5.  When  the 
eccentric  ring  27  rotates  about  O5,  the  distance 
between  O2  and  O4,  which  corresponds  to  the 
crank  radius,  increases.  With  the  increase  of  the 
distance  between  O2  and  04,  a  small  gap  C  is 
formed  between  a  turn  of  the  stationary  scroll  1 
and  a  turn  of  the  orbiting  scroll  member  2  adja- 
cent  the  turn  of  the  stationary  scroll  1.  The  width 
of  the  gap  is  typically  several  decades  of  microns. 

If  the  scrolls  have  an  involuted  shape,  positions 
at  which  the  radial  gap  between  the  spirals  shown 
in  Fig.  8  is  a  minimum  are  separated  from  a  line 
on  which  the  load  component  Fo  acts  by  a  dis- 
tance  corresponding  to  a  radius  a  of  an  involuted 
base  circle  and  lie  on  a  straight  line  parallel  to  the 
direction  of  the  component  Fc. 

Fig.  9  shows  the  eccentric  ring  27  when  it  is 
rotated  by  a  small  angle  of  A9  due  to  the  gas 
compression  load  component  Fg.  In  this  state,  the 
stationary  scroll  1  is  in  contact  with  the  orbiting 
scroll  2.  Due  to  the  rotation  of  the  ring  27  by  the 
angle  of  A9,  the  center  of  the  shaft  4  of  the 
orbiting  scroll  2  moves  slightly  from  O4  to  O4' 
making  O2O4'>O2O4. 

10 

15 

20 
f=- 

2a 

The  load  component  Fo  is  also  capable  of 
producing  a  moment  about  O5.  However,  this 
moment  is  negligible  when  A6  is  small.  Hence, 
due  to  the  small  value  of  A6,  it  is  possible  to  make 
the  orbiting  scroll  2  contact  the  stationary  scroll  1 
as  shown  in  Fig.  8. 

Therefore,  the  contact  force  f  is  not  sub- 
stantially  influenced  by  the  centrifugal  force  Fo 
and  is  basically  a  function  of  only  the  gas  com- 
pression  load  component  Fg.  When  the  rotational 
speed  of  the  compressor  is  increased,  the  cen- 
trifugal  force  Fo  increases  correspondingly.  How- 
ever,  the  gas  compression  load  componets  Fg 
does  not  change  since  it  depends  only  upon  the 
compression  conditions.  Therefore,  the  contact 
force  f  is  substantially  constant,  even  when  the 
rotational  speed  of  the  compressor  is  changed. 

The  radial  gap  between  the  orbiting  scroll  2  and 
the  stationary  scroll  1  is  sealed  by  utilizing  the 
force  acting  orthogonally  of  the  centrifugal  force 
(the  gas  compression  load  component)  during  the 
operation  of  the  compressor  with  substantially  no 
influence  of  the  latter  force.  Therefore,  gas  leak- 
age  from  the  compression  chamber  5  is  mini- 
mized,  resulting  in  an  increase  of  the  volumetric 
efficiency.  The  power  consumption  of  the  motor 
also  is  reduced  because  recompression  of  leaked 
gas  is  not  needed.  Thus,  the  coefficient  of  per- 
formance  of  the  compressor  is  improved.  Since 
the  crank  radius  can  be  varied,  it  is  possible  to 
tolerate  greater  variations  in  the  machining  and 
assembly  of  the  various  components  of  the  com- 
pressor.  That  is,  it  is  not  always  necessary  to 
machine  the  groove  of  width  B,  the  eccentric  hole, 
the  wall  of  thickness  t,  etc.  with  high  precision, 
and  there  is  no  need  of  highly  precise  assembly 
techniques. 

Further,  as  mentioned  previously,  the  eccentric 
ring  27  is  made  of  bearing  material.  Therefore, 
there  is  no  need  of  providing  bearing  material 
parts  inside  the  surfaces  of  the  eccentric  hole  26 
and  the  orbiting  bearing  28,  making  the  construc- 
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member  (2)  interleaved  with  said  first  scroll 
member  (1)  for  compressing  a  volume  of  fluid 
taken  in  when  said  second  scroll  member  (2)  is 
orbited  with  respect  to  said  first  scroll  member 
(1);  an  orbiting  scroll  shaft  (4)  rigidly  coupled  to 
one  end  of  said  second  scroll  member;  and  a 
crank  mechanism  (14,  27)  and  a  bearing  (17)  for 
supporting  said  crank  mechanism,  said  crank 
mechanism  comprising  a  crankshaft  (14)  and  an 
eccentric  element  (27)  rotatable  with  respect  to 
said  crankshaft  (14),  orbital  movement  of  said 
orbiting  scroll  shaft  (4)  being  provided  by  said 
crankshaft  (14)  through  said  eccentric  element 
(27),  characterised  in  that  the  eccentric  element  is 
an  eccentric  ring  (27),  the  arrangement  being 
such  that  the  crank  radius  (R)  represented  by  the 
distance  between  the  center  of  rotation  (O2)  of 
said  crankshaft  (14)  and  the  center  (04)  of  said 
orbiting  scroll  shaft  (4),  is  always  substantially 
equal  to  a  minimum  value  with  said  center  of 
rotation  (O2)  of  said  crankshaft  (14),  said  center 
(O4)  of  said  orbiting  scroll  shaft  (4)  and  the  center 
of  rotation  (O5)  of  said  eccentric  ring  (27)  arranged 
substantially  along  a  straight  line  in  the  stated 
order. 

2.  A  scroll-type  fluid  displacement  machine  as 
claimed  in  claim  1  characterised  in  that  said 
eccentric  ring  (27)  is  rotatably  fitted  in  a  hole  (26) 
formed  eccentrically  in  said  crankshaft  (14),  and 
said  orbiting  scroll  shaft  (4)  is  fitted  in  an  orbiting 
bearing  (28)  formed  eccentrically  in  said  eccentric 
ring  (27). 

3.  A  scroll-type  fluid  displacement  machine  as 
claimed  in  claim  1  or  2  characterised  in  that  said 
eccentric  ring  (27)  is  made  of  a  bearing  material. 

4.  A  scroll-type  fluid  displacement  machine  as 
claimed  in  any  one  of  claims  1  to  3  characterised 
in  that  an  eccentric  protrusion  (29)  is  formed 
eccentrically  on  said  crankshaft  (14)  and  fitted  in 
an  eccentric  hole  (30)  formed  eccentrically  in  said 
eccentric  ring  (27),  and  said  eccentric  ring  (27)  is 
received  in  an  axial  hole  (32)  formed  in  said 
orbiting  scroll  shaft  (4)  with  an  outer  peripheral 
surface  of  said  eccentric  ring  (27)  being  in  contact 
with  an  inside  wall  of  said  axial  hole  (32). 

5.  A  scroll-type  fluid  displacement  machine 
according  to  any  one  of  claims  1  to  4  charac- 
terised  in  that  said  machine  is  a  compressor. 

6.  A  scroll-type  fluid  displacement  machine 
according  to  any  one  of  claims  1,  3  and  5, 
characterised  in  that 

a  protrusion  (33)  is  formed  eccentrically  on  the 
end  of  the  crankshaft  (14) 

on  which  an  eccentric  ring  (27)  with  an  oval 
form  is  rotatably  fitted  by  a  respective  hole  (34) 
formed  eccentrically  in  the  eccentric  ring  (27)  and 
by  another  hole  eccentrically  formed  in  the  eccen- 
tric  ring  (27),  being  the  orbiting  bearing  (28),  the 
shaft  (4)  of  the  orbiting  scroll  (2)  is  received. 

Patentanspruche 

1.  Spiraltyp-Fluidverdrangungsmachine  mit 
einem  stationaren  ersten  evolventen  Spiralteil 
(1);  einem  umlaufenden  zweiten  evolventen  Spir- 

tion  of  the  compressor  of  the  invention  much 
simpler  than  the  conventional  machine. 

As  an  example,  if  the  length  O2O4  corre- 
sponding  to  the  crank  radius  is  5  mm  and  e=1 
mm,  an  actual  crank  radius  O2O4'  becomes  larger  5 
than  O2O4  by  s,  where  s  is  on  the  order  of  50  urn. 
However,  in  order  to  facilitate  the  assembly  of  the 
machine,  it  is  sufficient  for  s  to  be  about  0.1  mm 
at  the  maximum  point.  In  such  a  case,  there  may 
be  some  slight  influence  of  the  centrifugal  force;  10 
however  it  is  negligible  as  a  practical  matter. 

In  the  embodiment  described  hereinbefore,  the 
eccentric  ring  27  is  fitted  in  the  eccentric  hole  26. 
Instead,  however,  it  is  possible  to  form  an  eccen- 
tric  protrusion  29  on  the  crankshaft  14  which  is  15 
fitted  into  an  eccentric  hole  30  formed  in  the 
eccentric  ring  27,  which  is  in  turn  inserted  into  an 
axial  hole  32  formed  in  the  shaft  4  of  the  orbiting 
scroll  2,  with  the  outer  periphery  31  of  the  eccen- 
tric  ring  27  being  in  sliding  contact  with  an  inner  20 
wall  of  the  hole  32,  as  shown  in  Fig.  10. 

Another  embodiment  is  shown  in  Fig.  11  in 
which  a  protrusion  33  is  formed  eccentrically  on 
the  end  of  crankshaft  14  on  which  the  eccentric 
ring  27  with  an  oval  form  is  rotatably  fitted  in  a  25 
hole  34  and  the  orbiting  bearing  28  receives  the 
shaft  4  of  the  orbiting  scroll  2.  In  the  embodiment 
shown  in  either  Fig.  10  or  Fig.  11,  the  distance 
between  the  center  of  rotation  02  of  the 
crankshaft  14  and  the  center  04  of  the  orbiting  30 
scroll  shaft  4  is  made  substantially  equal  to  the 
crank  radius. 

As  described  hereinbefore,  the  present  inven- 
tion  resides  in  a  scroll-type  fluid  displacement 
machine  in  which  the  crank  mechanism  for  pro-  35 
viding  orbital  movement  of  the  orbiting  scroll 
includes  the  crankshaft  and  the  eccentric  ring 
capable  of  rotating  about  the  crankshaft,  the  shaft 
of  the  orbiting  scroll  being  orbited  through  the 
eccentric  ring.  When  the  center  of  rotation  of  the  .  40 
crankshaft,  the  center  of  the  orbiting  scroll  shaft 
and  the  center  of  rotation  of  the  eccentric  ring  are 
arranged  along  a  straight  line  in  the  stated  order, 
the  distance  between  the  center  of  rotation  of  the 
crankshaft  and  the  center  of  the  orbiting  scroll  45 
shaft  is  made  substantially  equal  to  the  crank 
radius.  Accordingly,  the  radial  force,  which  is 
mainly  the  centrifugal  force  due  to  the  rotation  of 
the  orbiting  scroll,  is  minimized  without  the  need 
for  a  balance  weight  and/or  springs  associated  so 
with  the  orbiting  scroll,  resulting  in  improved 
radial  sealing  of  the  machine  and  hence  improve- 
ments  of  the  volumetric  efficiency  and  the 
coefficient  of  performance  of  the  machine. 

Furthermore  according  to  the  invention,  55 
because  the  machine  is  insensitive  to  radial  for- 
ces,  it  is  particularly  suitable  to  be  applied  to  a 
scroll-type  fluid  displacement  machine  which  is 
operated  at  a  variable  speed. 

60 
Claims 

1.  A  scroll-type  fluid  displacement  machine 
comprising  a  stationary  involuted  first  scroll 
member  (1);  an  orbiting  involuted  second  scroll  65 
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die  Welle  (4)  der  umlaufenden  Spirale  (2)  auf- 
nimmt. 

Revendications 

1.  Machine  a  deplacement  de  fluide  du  type  a 
volutes  comprenant  une  premiere  volute  station- 
naire  involutee  (1  );  une  seconde  volute  toumante 
involutee  (2)  entrelacee  avec  ladite  premiere 

w  volute  (1)  pour  comprimer  un  volume  de  fluide 
introduit  lorsque  ladite  seconde  volute  (2)  tourne 
par  rapport  a  ladite  premiere  volute  (1);  un  arbre 
de  volute  toumante  (4)  relie  rigidement  a  une 
extremite  de  ladite  seconde  volute;  et  un  meca- 

15  nisme  a  vilebrequin  (14,  27)  ainsi  qu'une  palier 
(17)  servant  de  support  audit  mecanisme  a  vile- 
brequin,  ledit  mecanisme  a  vilebrequin  compre- 
nant  un  viiebrequin  (14)  et  un  element  excentri- 
que  (27)  pouvant  tourner  par  rapport  audit  vile- 

20  brequin  (14),  le  mouvement  tournant  dudit  arbre 
de  volute  toumante  (4)  etant  produit  par  ledit 
vilebrequin  (14)  par  I'intermediaire  dudit  element 
excentrique  (27),  caracterisee  en  ce  que  I'element 
excentrique  est  une  bague  excentrique  (27), 

25  I'agencement  etant  tel  que  le  bras  de  levier  (R) 
represents  par  la  distance  entre  le  centre  de 
rotation  (O2)  dudit  vilebrequin  (14)  et  le  centre 
(O4)  dudit  arbre  de  volute  toumante  (4)  est  tou- 
jours  sensiblement  egal  a  une  valeur  minimale 

30  lorsque  ledit  centre  de  rotation  (O2)  dudit  vilebre- 
quin  (14),  ledit  centre  (04)  dudit  arbre  de  volute 
toumante  (4)  et  le  centre  de  rotation  (05)  de  ladite 
bague  excentrique  (27)  sont  disposes  sensible- 
ment  le  long  d'une  droite  et  dans  cet  ordre. 

35  2.  Machine  a  deplacement  de  fluide  du  type  a 
volutes  selon  la  revendication  1,  caracterisee  en 
ce  que  ladite  bague  excentrique  (27)  est  logee  de 
fagon  a  pouvoir  tourner  dans  un  trou  (26)  forme 
excentriquement  dans  ledit  vilebrequin  (14),  et  en 

40  ce  que  ledit  arbre  de  volute  toumante  (4)  est 
ajuste  dans  un  palier  tournant  (28)  forme  excentri- 
quement  dans  ladite  bague  excentrique. 

3.  Machine  a  deplacement  de  fluide  du  type  a 
volutes  seion  la  revendication  1  ou  2,  caracterisee 

45  en  ce  que  ladite  bague  excentrique  (27)  est  consti- 
tuee  d'un  materiau  pour  palier. 

4.  Machine  a  deplacement  de  fluide  du  type  a 
volutes  selon  I'une  quelconque  des  revendica- 
tions  1  a  3,  caracterisee  en  ce  qu'une  protube- 

50  ranee  excentrique  (29)  est  formee  excentrique- 
ment  sur  ledit  vilebrequin  (14)  et  est  logee  dans 
un  trou  excentrique  (30)  forme  excentriquement 
dans  ladite  bague  excentrique  (27),  et  en  ce  que 
ladite  bague  excentrique  (27)  est  logee  dans  un 

55  trou  axial  (32)  forme  dans  ledit  arbre  de  volute 
toumante  (4),  une  surface  peripherique  exterieure 
de  ladite  bague  excentrique  (27)  etant  en  contact 
avec  une  paroi  interieure  dudit  trou  axial  (32). 

5.  Machine  a  deplacement  de  fluide  du  type  a 
60  volutes  selon  I'une  quelconque  des  revendica- 

tions  1  a  4,  caracterisee  en  ce  que  ladite  machine 
est  un  compresseur. 

6.  Machine  a  deplacement  de  fluide  du  type  a 
volutes  selon  I'une  quelconque  des  revendica- 

65  tions  1,  3  et  5,  caracterisee  en  ce  que: 

alteil  (2),  das  mit  dem  ersten  Spiralteil  (1)  zum 
Komprimieren  eines  eingeleiteten  Fluidvolumens 
uberlappt,  wenn  das  zweite  Spiralteil  (2)  bezug- 
lich  des  ersten  Spiralteils  (1)  umlauft;  ein  umlau- 
fender  Spiralschaft  (4),  der  fest  mit  einem  Ende 
des  zweiten  Spiralteiles  verbunden  ist;  und  einem 
Kurbelmechanismus  (14,  27)  und  einem  Lager 
(17)  zum  Lagern  des  Kurbelmechanismus,  wobei 
der  Kurbelmechanismus  eine  Kurbelwelle  (14) 
und  ein  exzentrisches  Element  (27)  aufweist,  das 
beziiglich  der  Kurbelwelle  (14)  drehbeweglich  ist, 
wobei  die  umlaufende  Bewegung  der  umlaufen- 
den  Spiralwelle  (4)  von  der  Kurbelwelle  (14)  durch 
das  exzentrische  Element  (27)  hervorgerufen 
wird,  dadurch  gekennzeichnet,  daft  das  exzentri- 
sche  Element  ein  exzentrischer  Ring  (27)  ist, 
wobei  die  Anordnung  derart  getroffen  ist,  daft  der 
Kurbel  radius  (R),  der  durch  den  Abstand  zwischen 
dem  Drehmittelpunkt  (O2)  der  Kurbelwelle  (14) 
und  dem  Mittelpunkt  (04)  der  umlaufenden  Spi- 
ralwelle  (4)  dargestellt  wird,  immer  im  wesent- 
lichen  gleich  einem  Minimalwert  ist,  wobei  der 
Drehmittelpunkt  (O2)  der  Kurbelwelle  (14),  der 
Mittelpunkt  (O4)  der  umlaufenden  Spiralwelle  (4) 
und  der  Drehmittelpunkt  (0s)  des  exzentrischen 
Ringes  (27)  im  wesentlichen  entlang  einer  gera- 
den  Linie  in  der  genannten  Reihenfolge  ange- 
ordnet  sind. 

2.  Spiraltyp-Fluidverdrangungsmaschine  nach 
Anspruch  1,  dadurch  gekennzeichnet,  daft  der 
exzentrische  Ring  (27)  drehbeweglich  in  einer 
Ausnehmung  (26)  angeordnet  ist,  die  exzentrisch 
in  der  Kurbelwelle  (14)  ausgebildet  ist,  und  daft 
die  umlaufende  Spiralwelle  (4)  in  einem  umlau- 
fenden  Lager  (28)  angeordnet  ist,  das  exzentrisch 
im  exzentrischen  Ring  (27)  ausgebildet  ist. 

3.  Spiraltyp-Fluidverdrangungsmaschine  nach 
Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daft 
der  exzentrische  Ring  (27)  aus  Lagermaterial  her- 
gestellt  ist. 

4.  Spiraltyp-Fluidverdrangungsmachine  nach 
einem  der  Anspruche  1  bis  3,  dadurch  gekenn- 
zeichnet,  daft  ein  exzentrischer  Vorsprung  (29) 
exzentrisch  auf  der  Kurbelwelle  (14)  angeordnet 
ist  und  in  einer  exzentrischen  Ausnehmung  (30) 
eingepaftt  ist,  die  exzentrisch  im  exzentrischen 
Ring  (27)  ausgebildet  ist,  und  daft  der  exzentri- 
sche  Ring  (27)  in  einer  Axialausnehmung  (32) 
aufgenommen  ist,  die  in  der  umlaufenden  Spiral- 
welle  (4)  ausgebildet  ist,  wobei  eine  auftere 
Umfangsflache  des  exzentrischen  Ringes  (27)  in 
Kontakt  mit  einer  inneren  Wand  der  Axialausneh- 
mung  (32)  steht. 

5.  Spiraltyp-Fluidverdrangungsmaschine  nach 
einem  der  Anspruche  1  bis  4,  dadurch  gekenn- 
zeichnet,  daft  die  Maschine  ein  Kompressor  ist. 

6.  Spiraltyp-Fluidverdrangungsmaschine  nach 
einem  der  Anspruche  1,3  und  5,  dadurch  gekenn- 
zeichnet,  daft  ein  Vorsprung  (33)  exzentrisch  am 
Ende  der  Kurbelwelle  (14)  angeordnet  ist,  an 
welchem  ein  exzentrischer  Ring  (27)  mit  einer 
ovalen  Form  drehbeweglich  durch  eine  entspre- 
chende  Ausnehmung  (34)  angeordnet  ist,  die 
exzentrische  im  exzentrischen  Ring  (27)  ausgebil- 
det  ist,  die  das  umlaufende  Lager  (28)  bildet,  das 
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une  protuberance  (33)  est  formee  excentrique-  dans  la  bague  excentrique  (27)  et  d'un  autre  trou 
ment  sur  I'extremite  du  vilebrequin  (14),  .  forme  excentriquement  dans  la  bague  excentri- 

sur  laquelle  une  bague  excentrique  (27)  de  que  (27),formantainsi  le  paliertournant(28)  dans 
formeovaleestajuseedefac.onapouvoirtourner  lequel  I'arbre  (4)  de  la  volute  tournante  (2)  est 
au  moyen  d'un  trou  (34)  forme  excentriquement  5  loge. 
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